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REMARKS 



Claims I-IO and 12-14 are now in Ibis application. Claims 1t9 and 13 arc 
amended herein to clarify the invention by addressing idiomatic informalities 
resulting from a literal translation of the German language claim wording. Claim 
1 1 is cancelled and new claims 13 and 14 arc added. 



SUBSTITUTE SPECIFICATION AND ABSTRACT 

Applicant submits herewith a substitute specification and abstract 
wherein amendments arts eflcctcd to place the text thereof into proper English in 
accordance with 37 CFR 1 . 1 25(c) and into proper format for prosecution. Also 
accompanying this amendment is a reproduction of the original specification 
and abstract as amended by the first Preliminary Amendment and including 
markings indicating the present amendments effected in the substitute 
specification in accordance widi MPEP §608.0l(q) and 37 CFR 1.125(b). No 
new matter is added. Entry of the substitute specification and abstract is 
respectfully requested. 



If there is any discrepancy between the fee(s) due and the fee payment 
authorized in the Credit Card Payment Form PTO-2038 or the Form PTO-2038 
is missing or fee payment via the Form PTO-2038 cannot be processed, the 
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USPTO is hereby authorized to charge any fee(s) or fee(s) deficiency or credit 
any excess payment to Deposit Account No. 10-1250. 

In light of the foregoing, it is respectfully submitted that the application is 
in proper form for allowance of all claims and notice to that effect is earnestly 
solicited. 



Respectfully submitted, 
Jordan and Hamburg u.p 




and. 



Ffe*ik/I/Jordaii 
Reg. No. 20,456 
Attorney for Applicants 



By. 



Jordan and Hamburg lt,p 
122 bast 42nd Su-eet 
New York, New York 10168 
(212) 986-2340 

enc: Marked Specification and Substitute Specification. 



Herbert F. Ruschmann 
Reg. No. 35,341 
Attorney for Applicants 
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ARRANGEMENT FOR INPUT MULTIPLEXER 

BACKGROUND OF THE INVENTION 

The invention relates to an input multiplexer (IMUX). This inpul 
multiplexer splits a broad frequency band into a series of narrow frequency 

5 bands. This is accomplished by filtering each frequency channel with a 

bandpass filter. In each case, the filters have an input and an output and must be 
connected suitably with one another. 

The bandpass filters must fulfill strict LuiiTiBuration^ specifications with 
respect to the frequency response of the amplitude as well as the phase response. 

10 Within the pass band of the bandpass filter, the variation in the phase or lumiing 
time aroup delay is to be minimized and, at the same time, the filters must have 
a high e xieiiiAl Ivuid damping selectivity . This exlLiaal Udiid damping 
selectivity is achieved in that the ^ e ioine by placing zeros of the transmission 
fiuiction is placed on the imaginary frequency axis close to the pass band. 

1 5 Additional measures are required in order to ub&u vc fulfill the requirement of 
little variation in the group tunning time group delay in the pass band. For this 
purpose, essentially three different developments are state of the art. 
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In a first devel o pm e nt embodiment the filter itself is miiiiiiidUy phasit of 

minimum phase type , that is, aside from the already mentioned transmission 

zero positions , it has no other zeros positions in the transmission function. In 

addition, the tllter has an external i umiiiig time croup delay equalizer. 

5 Frequently, the bandpass filter has the ctrcmt order 8 and the equalizer has the 

ci r cuit order 2, 

In a further comi r uciion embodiment, the filter is self-equalizing, thai is, 
aside from the zero positions of the transmission function mentioned, the 
bandpass liltcr has further ones wiih a finite real part. In this connection, the 
1 0 filter frequenily has the ctrcmt order 1 0 or 1 2, which is known, for example, 
from US patent 5,608,363 especially for realization in a dielectric technology. 

In the ca.se of the third developmen t embodiment , the bandpass filter itself 
is also &cU>antidistofting self-equalizing, as described above. In addition, 
1 5 however, and external imming t mic an t idist or ti o n device group delay equalizer is 
added. The filter frequently has the ci r cuit order 10 or 12 here and the equalizer 
ihc circuit order 1 or 2, Such a development is described, for example, in US 
patent 5,739,733, for which the electrical properties of the self-equalizing filter 
are improved by additional external iTinning t ime group delay equalizers, in that 
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liic filte r e q ualizes which cancel the inclined p os i t i on slope in the group r unning 

time delay . 

The arrangement, with which the bandpass filters are coupled to one 
another^ frequently consists therein that, initially, the signal input is split by 

5 means of a hybrid coupler or a power splitter into two equal parts, that is, each 
part is acied upon with half the signal level. Each of the two signal paths is 
processed further in that the signal is passed [[over]] through a circulator chain to 
the bandpass filter If the number of bandpass ^ters is n and if the bandpass 
filters arc numbered I, 2, 3, ... n in the sequence, in which their center frequency 

10 increases, each of the two circulator chains connects the next neighbor but one, 
that is, the one circulator chain connects the bandpass filters 1, 3, S, ... n-1 and 
the other circulator chain the bandpass filters 2, 4, 6, n (if n is an even 
number; if n is an odd number, the two circulator chains contain the bandpass 
filters 1,3, ... n and 2, 4, . . . n-1 resj>ectively). Such an arrangement is called 

15 non-contiguous, since each circulator chain only couples bandpass filters, the 
band limits of which do not lie directly next to one another in the frequency 
space domain . 

It is a disadvantage of these arrangements that circulators changed change 
their electrical properties as a function of the temperature and, in the overall 
20 arrangement, the circulator frequently is the limiting element for the temperature 
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range, in which the overall arrangement still has the required properties. On 

passing through a circulator, the high frequency signal experiences appreciable 

high-frequency losses. Moreover, ihe individual signal outputs ofanlMUX with 

eit euia te d circulator chain chains are dampened differently, since the signal, 

5 before passing through the bandpass filter, has experienced a different number of 
circulator passages. This elTBCl is undesirable. Moreover, circulators contain 
magnetic and fe r ri t i e ferrite materials^ which have an appreciable density. For 
this reason, circulators make an appreciable contribution to the total weight of the 
IMUX. Moreover, these magnetic and femti e ferrite materials are used only in 

10 tlie circulators and require uumtructi o u And coiuicc t mg assemblv and integration 
techniques, which are also used only in the circulator. Consequently, the 
assembly and testing require an appreciable e xp e nse effort . Moreover, the 
reliability of the arrangement as a whole is adversely aflcctcd by the circulators, 
which contribute appreciably to the price of the IMUX. 

1 5 Arrangements, for which the signal input is divided bv means of hvbrid 

couplers or power splitters not only into two but into several branches, which 
then terminate once again in circulator chains, are also used, h inally, it is also 
possible to divide the signal inputs in the bandpass filter exclusively by hybrid 
couplers or power splitters. These cause a disadvantageous signal damping 

20 attenuation of 3 dB and, in addition, have disadvantageous weights and volumes. 
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The arrangements for couplinB bandpass filters, described so far, are used 
in the IMUX equipment. However, in order to understand the invention^ a 
further deviee, the OMUX, must also be taken into consideration. This is similar 
S to the IMUX, in that it does not split a broad frequency band into a series of 
narrower Ircqucncy channels^ but, conversely, combines a series of narrower 
Irequcncy channels into a broad frequency band. However, it is clearly different 
from rhe IMUX, since it must process signals of a much higher power (in the 
OMUX, approximately 100 W per frequency channel, in the IMUX, 

10 approximately 1 mW per channel) and it is therefore a primary design objective 
lo minimize losses. In comparison to the IMUX, it is simpler in the case of the 
OMUX that the individual bandpass filters only have to satisfy requirements, 
which are less strict and can generally be all observed with filters of a low circuit 
order (4 or 5). In particular, it is usually not necessary to take measures to ensure 

15 a flat coui ' sc of tlic ar o up running t ime proup delay within the pass band. In 
order to achieve low losses, the individual bandpass filters of the OMUX axe 
combined wilh a bu&bar manifold s as described in US patent 4,614,920. This 
consists exclusively of conduc t in g p ieces pieces of transmission lines of suitable 
length and therefore has only low losses. The busba r manifold combines 
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bandpass filters, which are immediately adjacent lo one another in ihe frequency 

space. For this reason, the arrangement is considered to be contiguous. 

SUMMARY OF THE INVENTION: 

An On th e o thu l^uid, th e inventive input multiplexer of the present 

5 invention -r- t ws-t lie advdiiU^c tliat liidi ciicuit is advanta g eously embodied as 

high order bandpass filters , which, at Uic aanic t ime, which satisfy strict 
requirements with respect to flank stee p ne ss selectivity and have little variation 
in [[the]] group luiuuns t unc delay within the pass band, and which are 
connected into an IMUX by means of a low-loss bus bar manifold formed 

1 0 ccni&iating exclusively ofeortdoctittg pieces of transmission lines of optimized 
length. Moreover, the bandpzLSS filters have z e ro p o siti o ns zeros in the 
transmission function on the imaginary frequency axis close to Ihc pass band in 
order to improve the fljuik steepness selectivity , and, in addition to tivi rumiing 
ttmc for proup delay equalization, have either an external r a nning time group 

15 delay equalizer or further ze ro positions zeros in the transmission function with a 

finite real part or a combination thereof. 

According to an advantageous [development] embodiment of the 
invention, the busba r manifold cormects bandpass filters, which are not directly 
adjacent to one another in the frequency s pac e domain (non-contiguous). 
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According to a further advantageous [development] embodiment of the 
invention, the busbar manifold connects bandpass filters, which are directly 
adjacent to one another in the frequency s pace domain (contiguous). 
5 According to a further advantageous [development] embodiment the 

invention is realized in both d e vel op men t s embodiments in different 
technologies. In particular, these are the waveguide technique, the coaxial 
technique, the dielectric technique and the planar technique, the latter, in 
particular, in conjunction with superconducting materials. The individual 
10 bandpass tilters and bus bais manifold can be realized in different technologies. 

According to a further, advantageous develo p meni embodiment of the 
invention, the geometry realized is combline or herringbone in both 
configurations » tliat is, the bandpass filters are ail mounted on one side of the 
busbar or half on one side and half on the opposite side, so that the available 
15 space is used optimally, depending on the particular application. 

According to a ftirther, advantageous dev do pme n t embodiment of the 
invention, the bandpass filters are operated in single mode, dual mode, triple 
mode or quadruple mode in both configurations. Arbitrary combinations of these 
arc also possible. 
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According to a further, advantageous development embodiment of the 
invenlioHj Ihc filters, with respect to their center frequency, are connected in any 
sequence wiih ihe buAbar manifold . 

According lo a further advantageous d c velupmcnt embodiment of the 
5 invention, the arrangement contains devices for e qualizing trimming the filters 
and/or the biisbAi ' s manifold . 

Further advantages and advantageous devel o pments embodiments of the 
invention are given in the following description, the drawing and the claims. 

10 BRIEF DESCRIPTION OF THE DRAWINGS: 

figure Pig, ] shows high ciicuit order IMUX fHtcr fillers, which are 
connected [[over]] through two busbars manifolds with a hybrid coupler, and 

Figure Fig^ 2 shows high circuit order IMUX filters, which are connected 
with a low- loss bus bar manifold s 

15 

DRSCRIPTION OF THE PREFERRED EMBODIMENTS; 

As shown in F igur e Fig. 1, there is a low-loss [busbar] manifold 1, 
which connects the bandpass filters 1, 3, (n-1) and a farther low-loss [busbar] 
20 manifold 1 for the remaining filters 2, 4, . . . , n. Ihe ^^hockk r eisigcn^^ IMUX filters 
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of high order are connected non-contiguously over these two [busbars] manifold 1 

and the two busbaii> manifolds are connected LLovcr]] through a hybrid coupler 2 

to the EVTUX i ii A t nimc n t device as a whole. The identical half for f2, f4 . . . , fn 

conceivably adjoins at the bottom. 

5 As shown in Figm - c Fig^ 2, the low-loss bmbar manifold 1 connects the 

"hochk r eisig e n'^ IMUX bandpass filters of high order 1, 2, . . n, which are 

directly adjacent in ihe frequency space, with one another* 

All distinguishing features, shown disclosed in the specification, the 

subsequent claims and the drawing, may be e sscnt i e rf applied to the invention 

10 individually as well as in any combinations with one another. 
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Abstract of the Disclosure 



An input multiplexer for wiiidi Uie has high circuit order bandpass filters are 
connected by means of a low loss busbai of conducting pieces manifold of 
transmission lines of optimized length i n to an IMUX , 
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